A few specimens of the exotic fish, Nile Perch, (Lates niloticus, Linnaeus 1758) were transferred into Lake Victoria in early 1950's. In early 1980's this fish occupied the Lake Victoria ecosystem eliminating the local endemic Haplochromines (app. 400 species). As a result of this change, together with intensification of pollution constrains from the catchment and dust deposition the ecology of Victoria's ecosystem was modified: cyanobacteria replaced diatoms, anoxia enhanced, secchi depth became shallower, euphotic zone became thinner, fishery enhanced fully comprised of Nile Perch and Rastrineobola. The ecological significances are discussed and future propositions are presented.
Introduction
Lake Victoria, the second (excl. Caspian Sea) largest lake in the world by surface area (68,800 km 2 ) and 7 th by Volume (2800 km 3 ) has undergone fundamental changes of its limnological structure. The lake is located at an altitude of 1134 m above Mean Sea Level and stretched between latitudes of 0˚20'N -3˚0'S and 31˚39'W -34˚53'E. Limnological changes include not only internal modifications enhanced by the Nile Perch invasion [1] but also by external anthropogenic activities in the catchment resulted in input of 20 kg/km 2 /year of total phosphorus and 400 kg/km 2 /year, in addition to atmospheric contaminated dust deposition [2] [3] and as a consequence Lake Victoria clearly exhibit symptoms of eutrophication ( Table 1) . The lake and the drainage Basin territories are shared between three countries (Figure 1) : Kenya, Tanzania and Uganda. The ratio between Cat- chment area and lake Volume is 11.7 m 3 /m 2 i.e. each m 3 of the lake accept nutrients from 11.7 m 2 of the catchment. The D number for Lake Victoria is 3.7. Those two indicators exhibit high potential of nutrient supply from the catchment ( Table 1) . The major inflow rivers are Kagera and Nzoia (Tanzanian part of the lake), the only outflow is through the White Nile river, outlet located North, nearby Jinga, Uganda.
Phytoplankton research in Lake Victoria started in 1898 when expeditions were carried out to collect net hauling samples, therefore, information until the 1960's is limited to algal taxonomy. Talling [4] [5] was the first who studied long term cycle of community composition, quantitative abundance, population dynamics and vertical distribution and later on Kenyan and other scientists continued [6] [7] [9] . The Zooplankton of Lake Victoria was studied by Rzoska and others [10] - [14] . The research of fish biology and fisheries management in lake Victoria was enhanced by local and external scientists, resulted by the Nile Perch Invasion [15] - [18] . The objective of our study was to initiate an international effort to collect data about the ecological changes in Lake Victoria caused by the Nile Perch invasion and to establish a Data Base for future investigations. Our studies and consequently the Lake Victoria Data Base (LVDB) information were previously summarized in technical reports which are publicize here as a scientific paper.
Material and Methods

Sampling Stations (1989-1992)
Eighteen sampling stations (Figure 2) 
Zooplankton Sampling
Samples were collected from discrete depths and 3 liters were sieved through 100 m mesh size net on board, and all organisms were flushed into bottles (final volume of 30-50 ml) and 5 ml formalin 10% were added. Counts were carried out in the Kinneret Limnological Laboratory (Israel) under Wild M5 stereoscope.
Phytoplankton Sampling
Original sampled waters (125 ml) were placed in brown bottles and a few drops of Lugol were added. Counts were carried out in Kinneret Limnological Laboratory and IOLR-Haifa Institute by Utermol's sedimentation method in 10 ml chambers, under Inverted Microscope (Zeise M20) and counts were done.
Fisheries
Information on fishery in Lake Victoria (1968-1991) was supported by Kenya Marine and Fisheries Research Institute. Statistical evaluation of the data was evaluated by Simple Linear Regressions between annual landings (dependent variable) and years (independent variable), r 2 (correlation coefficient) which indicates the strength of the association between the two variables and p (probability) values are given.
Fish Gut Content, Body Condition & Index of Satiation (IOS)
The Tilapias, T. niloticus, T. variailis, T. zillii, T. niloticus specimens were collected from fishermen yields, total length and weight were measured, then the viscera (Stomach & intestine) was removed individually and weighed, placed in plastic bottles and preserved by 5 ml 10% formalin. Samples were taken to Kinneret Limno- 
Results
Nutrients
Samples were collected in stations numbered ( Table 2 .
Results given in Table 2 indicates the followings: percentage of OP from TP is similar throughout the centire water column: 35% and 40% in the upper and lower part respectively; Similarity of % of Inorganic Nitrogen (NH 4 +NO 3 ; NO 2 is negligible) from TN was also indicated within the entire water column; Particulate Organic Nitrogen comprised >90% of TN; Prominent increase of TP in lower part of the water column, therefore the TN/TP W/W mass ratio decline in deep waters. These chemical conditions of low TN/TP ratio are favored by Cyanobacteria.
Phytoplankton
Cyanobacteria were prominently dominant in all samples. The following genera and partly species were defined: 
Wynam Gulf
Aphanocapsa-1200 -3500; Lyngbia-300 -3900; Merismopedia-200 -1000; Microcystis-400 -1200; Anabaena-300 -1000; Chroococcus-200 -900; Coenobial Cyanophytes->3000; Cylindrospermopsis-500; Melosira (Aulacoseira)-600 -1400; Synedra-200 -3300; Navicula-300; Rhodomonas-300; Chlamidomonas-300; Scenedesmus-200 -400; Cryptomonas-300 -400.
Rusinga Channel
Aphanocapsa-1600; Lyngbia-900 -17,000; Microcystis-600; Chroococcus-400; Cylindrospermopsis-600 -4100; Synedra-2400 -4900; Rhodomonas-500; Cryptomonas-400.
Offshore
Lyngbia-2100 ->10,000; Cylindrospermopsis-2700 ->4000; Synedra-2000 ->3000. Algal species diversity is much higher in the shallow water of Wynam Gulf and the dominance of Cyanobacteria is prominent.
Zooplankton
The Following species were identified in samples collected during 1989-1990: 
Zooplankton Consumption Feeding Experiments
Consumption of zooplankters by Tilapias as concluded from feeding experiments is given in Table 3 . Results presented in Table 3 indicates that the major source of zooplankton prey by 4 Tilapia species from Lake Victoria as concluded from 7 trials of feeding experiments are small organisms of young stages of cyclopoid and rotifers.
Gut content Analysis
Results in Table 4 indicate that major trophic source for the Haplochromines that were captured in Mwamza Gulf are suspended particles of detritus, phytoplankton, and zooplankton probably collected by filtration.
Results in Table 5 indicate that Tilapias collected in the Kenyan open waters collect their food mostly in bottom sediments.
Body Condition and Food Composition of Sampled Tilapias
For the study of body condition and food composition of Tilapias we sampled specimens in Wynam Gulf Stations (6, 34, 36) and offshore (100) during January February and March. Number of analyzed specimens was:
Tilapia variabilis (TV)-69.
Tilapia zillii (TZ)-22. Tilapia nilotica (TN)-33. Tilapia esculentus (TE)-13.
Tilapia leucostictus (TL)-13. Total and Standard lengths of all Tilapias ranged between 10 -55 cm and 8 -50 cm respectively. The Body Weight of all Tilapias ranged between 100 -600 g, and the Viscera (stomach and intestine) weights range was -0.2 -22.0 g; Index of Satiation (IOS) was calculated (see Methods) for individual specimen ( Table 6 ).
Index of Satiation (IOS)
Results in Table 6 indicated similar intensity of food ingestion by the five species of Tilapias during 1 -3 winter months.
Food Composition of three species of Tilapia (T. nilotica, T. variabilis, T. zillii) was analyzed on 124 specimens which were sampled during January-March 1989, in Wynam Gulf at Stations 6, 34, 36 and offshore zone-Stn.100. Their gut contents were removed individually and analyzed under both Dissecting Microscope (M5 Wild) and Light Microscope (Dialux 20). Food items were counted and their biomass was calculated as measured bio-volume converted to weight (specific gravity = 1.0) and the summary is given in Table 6 & Table 7 .
Results in Table 7 indicate that the 57%, 68% and 55% of the food items consumed by TZ, TV and TN respectively is collected from the bottom whilst the source of the rest is probably planktonic. It should be considered that video filming in deep anoxic waters at stations 100, 32 and 34 (results are not presented) indicated the existence of high densities of the Atyid Decapod, Caridina nilotica there. Therefore, C. nilotica might be defined as partial "bottom layer" inhabitant.
Discussion
The phytoplankton as analyzed in this study is characterized by high densities of coccoids accompanied by small filaments of Cyanophytes (Lyngbia). Diatoms were presented by Nitzchia and Melosira (Aulacoisera) and the chlorophytes by Chlorococcales and desmids. Dinophytes and Cryptophytes were rarely observed. The densities of zooplankton were mostly low and their body size small. The most abundant group was cyclopoid copepods. The results of feeding experiments were unpredicted: most of the organisms which were removed from the water by the fish were free swimming small body zooplankton and gut content analysis of specimens collected in the lake indicated deep layer and bottom inhabited organisms. It is therefore concluded that as a result of the Nile Perch invasion Tilapias were pushed by the Perch downward to find a refuge space where they can be better protected. The bottom habitat was utilized by Tilapias as a refuge and therefore bottom organisms were preyed and indicated in the Tilapias gut contents.
Data presented in Table 1, Table 2 & Table 8 and Figure 3 summarize the ecological changes induced by the Nile Perch invasion and environmental pollution: Elimination of the native fish species (Haplochromines, Tilapias) and prominent increase of the exotic Nile Perch and the pelagic small size native Rastrineobola. The food-web structure was prominently modified: Before 1980 (Figure 3) : Optimal balanced food-web, strong Table 5 . Gut Content analysis of Tilapias [15] fished in the Kenyan offshore waters of Lake Victoria. % of specimens contained >50% of their gut content biomass the indicated food form. grazing activity by planktivorous Haplochromines [17] [18] low levels of algal biomass and consequently Primary Production. no surplus of organic matter, low sedimentation and low level of anoxia. Nevertheless an increase of pollutants input was indicated: N-after 1920 and P-after 1950. Low annual fish catches mostly comprised of small size Haplochromines and overfishing avoidance. After 1980 (Figure 3) : Food web structure exhibit disequilibrium. Grazing level decline due to elimination of grazer Haplochromines and dominance of the predator Nile Perch; Therefore, Increase of non-grazed algal biomass (chlorophyll elevation) followed by higher Primary Production accompanied by accumulation of surplus organic matter and sedimentation resulted in enhanced anoxia. Secchi depth and the thickness of the euphotic zone became shallower as a result of higher densities of suspended matter and decline of light penetration [19] - [21] . Decline of available Silica and SRP (Soluble Reactive Phosphorus), and the decline of TN/TP mass ratio were probably the reason for the replacement of Diatom before 1980 by Cyanobacteria dominance after 1980 ( Table 8) . Another outcome of those changes was the proliferation of the detritivorous Atyid-Decapod Caridina nilotica. The total annual landings were significantly enhanced as a result of the optimal conditions for the reproduction and growth of the Nile Perch. The ecological structure modification summarized here gave scientists and managers the basis for further programming fisheries activity. Recent information does not confirm significant improvement in comparison with data presented in this paper.
Cyanobacteria replaced Diatoms, Secchi Depth became shallower, i.e. turbidity enhancement, the euphotic zone became thinner due to increase of turbidity and decline of light penetration, increase of algal density accompanied by elevation of primary production and organic matter content which caused increase of anoxia. Moreover, computation of total lake primary production (annual tons Carbon entire lake assimilation) indicated an increase from 1.7 × 10 7 during the 1960's to 10.5 × 10 7 during the 1990's [19] - [21] . Fish landings increased from 25,000 tons to 500,000 tons during the 1960's and 1990's respectively. Consequently % of fish catches relative to Primary Production was increased from 0.01% to 0.05% and the depth of the thermocline became shallower by 30 meters (from 60 to 30 m) [19] - [21] . The food Web pattern of energy flow was prominently modified and Lake Victoria before the 1980's is different from that established after the 1980's (Figure 3) . fish faunal composition was modified from the dominant native Haplochromines which were replaced by the exotic Nile Perch and native Rastrineobobla [22] . Lake Victoria is presently exhibit traditional symptoms of eutrophication: decline of water transparency, Cyanobacteria are dominant, elevation of P and decline of N levels, increase of algal biomass (chlorophyll concentration), shallower Secchi depth and thinner euphotic zone and anoxia enhancement. Future management design of fishery in lake Victoria must therefore be done very carefully. Distinct objectives are proposed: 1) reduction of pollutant inputs resulted by anthropogenic activity; 2) increase level of phytoplankton grazing. The second target is difficult due to the intensive predation pressure produced by the Nile Perch. Relevant fish species might be planktivorous large body Tilapias. Tilapias of native and exotic origin are known to be able to survive under the new habitat if may introduce to the lake as large un-preyed individuals. The concept of the Nile Perch predation impact and its ecological implications is also confirmed by the elimination of the Haplochromines's planktivory (Table 4) . Nevertheless, the small body size of the Haplochromine fishes make them vulnerable for predation and therefore not suitable for management if aimed at enhancement of planktivory. Large body size of the planktivorous Tilapias are less vulnerable to Nile Perch predation. Index Of Satiation calculated for Tilapias species collected from the natural lake population indicated high values ( Table 6 ) in comparison with the range of 0.5 -4.0 that was obtained from farm cultured fish given an optimally food quantity [23] . Consequently I assume that the planktivorous capabilities of Tilapias might be beneficial for ecological recovery of Lake Victoria.
Summary
The Lake Victoria ecosystem was unique included above 400 endemic species of Haplochromine fishes. The food web structure was naturally balanced during that time with short periods of anoxia in deep waters and dominance of diatomides algal species. Nile Perch (Lates niloticus) was introduced and during the 1980's became the dominant fish. The Haplochromine species were deleted and the whole ecosystem was modified. Algal assemblages were changed to Cyanobacteria, anoxia became more frequent and in shallower waters. Primary production was enhanced and excess of organic matter was settled to the bottom. A study of Tilapias feeding habits, zooplankton and Phytoplankton distribution was carried out and results indicates an ecological devastation trait of the ecosystem. Ideas for future management are presented.
skillful.
